The technologies used in 'green revolution' hugely helped us to feed billions of populations and avoid famine mostly in Asia and Africa. However, the very high input-based crop production that led to green revolution seem now unsustainable to meet the growing demand of food for increasing world population, high production cost, and the deleterious effects of the agrochemical inputs to the environment. On the other hand, the world population is expected to increase from 7.3 to 9.7 billion by 2050. Pest outbreak and increased abiotic stresses due to climate change pose a high risk to future crop production. To keep up with the pace of population growth, it has been estimated that food production will need to be increased by 70-100% by 2050 for a well-fed world population [7, 8] . To meet this predicted demand of food production, application of novel and smart technologies including genome editing of crop plants using CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats)-Cas (CRISPR-associated enzyme) and nanobiotechnology are needed to address new challenges in agriculture in the next decades on an urgent basis [9] .
Nanotechnology is emerged as one of the smart technologies that have high potential to augment agricultural productivity and food security in various ways. Application of nanomaterials can be used for dramatically improve plant nutrition, plant protection, improvement of soil and environmental health, promotion of plant growth, crop improvement, food processing, water management, disease diagnosis, food packaging, abiotic stress tolerance, and precision agriculture ( Fig. 1 ). For example, novel nanoformulation of pesticide can remarkably improve the efficacy and safety of pesticides for plant protection [10] . Similarly, nanofertilizers show low movement and slow rate of degradability and thus remarkably improves the efficiency of used fertilizer [11, 12] . Application of nanofertilizer or fertilizer element(s) in the nanocarrier improve growth and productivity of crops. Potentials of nanomaterials for sustainable plant nutrition and crop production have been reviewed [11] . Recently, daylight-driven rechargeable antimicrobial nanofibrous membranes (RNMs) were developed by incorporating daylight-active chemicals that can effectively and efficiently produce reactive oxygen species (ROS) to ward-off bacterial and fungal pathogens of infectious diseases [13] . This exciting strategy of the production of antimicrobial nanomaterials could be useful for preparation of highly efficient and targetoriented nanopesticides to promote sustainable agriculture. Devices and tools of nanotechnology such as nanocapsules, nanoparticles and even viral capsids, are found useful for precise detection and treatment of diseases, the enhancement of nutrient absorption by plants, the delivery of active ingredients to specific sites, and improvement of water treatment processes. Nanomaterials are also found useful in the field of plant breeding and genetic transformation. The potential of nanoparticles to overcome bottlenecks in conventional gene delivery makes them more efficient candidates for delivery of nuclease-based genome editing cargo. Thus, nanoparticle delivery seems a critical technology for the advancement of genetic engineering of plants including genome editing [14, 15] . The prospect of the application of nanomaterials for augmenting agricultural productivity is very high. However, there are a few challenges that need to be addressed, for example, increasing the scale of production processes, decreasing costs, and thorough assessment of potential hazards before commercialization of any nanomaterials in agriculture. The nanoparticles derived from biomolecules such as proteins and carbohydrates having low deleterious effects on human health and the environment are attractive candidates in these aspects. For example, the potential of starch-based nanoparticles as nontoxic and sustainable delivery systems for fertilizers, pesticides and biostimulants have been found highly promising. Recently developed nanomaterials and nanostructures have unique chemical, physical, and mechanical properties.These interesting nanomaterials areelectrochemically active carbon nanotubes, nanofibers and fullerenes havepotential applications for highly sensitive biochemical sensors. These nanosensors could largely be used for efficient soil analysis, easy bio-chemical sensing and control, water management and delivery, pesticide and nutrient delivery [6] . Another exciting area of nanotechnology is to utilize agricultural waste to prepare high-valued materials and renewable energy [16] . The priority areas of research and applications of nanomaterials in the developing countries should be plant nutrition, crop protection, epidemiology and forecasting, disease diagnosis, biotechnology, healthcare of animals, food processing and packaging, water useefficiency (irrigation) and precision farming. However, the major factors limiting the development of these applications are poor capacities and low investments in building capacities for nanotechnology research.
Although nanotechnology has tremendous potentials in agriculture, there are some bottlenecks in their practical application especially in the developing countries. These challenges are as follows. (i) Nanotoxicity -some nanomaterials have shown to alter gene expression, DNA damage and increased toxicity to the non-targeted organisms. Therefore, proper safety studies are needed before introduction of a novel nanomaterials in agriculture. In conclusion, the new nanomaterials such as nanofertilizers, nanopesticides, nanocarriers, nanosensors, nanopackaging, and nanochips would revolutionize agricultural productivity through smart nutrition, promotion of growth, and protection of crop plants [17] . Nanomaterials could even be used for the management of fearsome emerging diseases of major food crops such as wheat blast [18] . Application of nanomaterials obviously promote precision and smart agriculture and significantly reduce the production cost and post-harvest losses in crop production. New nanoparticles from biomasses such as highly porous nanocarbon from lignocellulosic fiber jute remarkably add high value to the agricultural produces and processed materials [16] . Application of nanomaterialsalso remarkably promote generation of new nanobiotechnology including genetic engineering. However, indiscriminate use of nanomaterials may have detrimental effects on environment (nanotoxicity). Need-based, visionary and co-ordinated interdisciplinary research efforts are needed for the development of novel nanomaterials and their safe and greater application in agriculture for ensuring future food security and sustainability in agriculture.
